Does Radiofrequency Ablation Add to Chemotherapy for Unresectable Liver Metastases? by unknown
THERAPEUTIC TRENDS FOR CRC HEPATIC METASTASES (K TANABE AND A GROTHEY, SECTION EDITORS)
Does Radiofrequency Ablation Add to Chemotherapy
for Unresectable Liver Metastases?
Klaas M. Govaert & Charlotte S. van Kessel &
Martijn Lolkema & Theo J. M. Ruers &
Inne H. M. Borel Rinkes
Published online: 17 March 2012
# The Author(s) 2012. This article is published with open access at Springerlink.com
Abstract In patients with unresectable colorectal liver me-
tastases (CRLM), radiofrequency ablation (RFA) might be a
good alternative, whenever possible. In contrast to systemic
therapy, the aim of RFA is to achieve complete local tumor
control in an attempt to provide long-term survival. In this
article we discuss the available evidence regarding the treat-
ment of patients with unresectable CRLM, focusing on RFA
in conjunction with modern systemic therapies. We ob-
served that the available evidence in the existing literature
is limited, and often consists of level 2 and 3 evidence,
thereby hampering any firm conclusions. Nonetheless,
RFA seems superior to chemotherapy alone in patients with
liver-only disease amenable for RFA. However, the combi-
nation of RFA and chemotherapy has been demonstrated to
be feasible and safe, lending support to the concept of RFA
followed by chemotherapy, in order to reduce local recur-
rence rates and prolong survival.
Keywords Colorectal liver metastases . Radio frequency
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Introduction
One in two colorectal cancer patients will develop liver
metastases at some point during their disease [1, 2]. In
recent years significant progress has been made in the treat-
ment of metastatic colorectal cancer. Large randomized
clinical trials have been conducted showing a beneficiary
effect of different first-line and second-line chemotherapy
regimens such as capecitabine, oxaliplatin, and irinotecan,
with or without the vascular-endothelial growth factor in-
hibitor bevacizumab [3, 4]. Also, there is no doubt that
third-line treatment with epidermal growth factor inhibitors
like cetuximab and panitumumab results in prolonged sur-
vival [5–7]. Due to these regimens the median survival of
patients with metastatic colorectal cancer has improved
from 6 months [8] to more than 2 years [3, 4, 8–15].
The only potentially curative option for patients with colo-
rectal liver metastases (CRLM) is surgical resection. Five-year
survival probabilities of up to 50% can be achieved [16, 17•,
18].Multimodality treatment including the use of neoadjuvant
chemotherapy has resulted in resectability rates of 20–25%
[19–21]. The remaining 75–80% of CRLM patients are not
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eligible for resection, because of the anatomymaking resection
impossible, due to extensive intrahepatic metastatic lesions, or
the presence of unresectable extensive extrahepatic disease
(EHD). Without treatment these patients have a marginal sur-
vival, with only 0–2% being alive after 5 years [22, 23].
During the last decade treatment options for patients with
unresectable CRLM have evolved markedly, especially in
the era of systemic treatment and local ablative therapies. Of
those local ablative techniques, radiofrequency ablation
(RFA) is most widely used [24, 25]. In contrast to systemic
therapy, the aim of RFA is to achieve complete local tumor
control in an attempt to provide long-term survival. How-
ever, the role of RFA in unresectable CRLM is still under
debate as there are limited data comparing progression-free
survival and overall survival in unresectable CRLM patients
between systemic treatment and RFA. In this article we will
discuss the available evidence regarding the treatment of
patients with unresectable CRLM, focusing on RFA in
conjunction with modern systemic therapies.
Radiofrequency Ablation
In the last decade of the 20th century, RFA was initially
described as a procedure to treat hepatocellular carcinoma;
subsequently it was introduced as a treatment for unresect-
able CRLM [26–29]. Many studies have been conducted to
assess the effect of RFA on progression-free survival (PFS)
and overall survival (OS) in patients with unresectable
CRLM. Reported 3-year survival rates vary between 37%
and 77% [30••, 31–33], while 5-year survival rates range
between 27% and 36% [30••, 33]. These data involve
patients with unresectable CRLM without EHD treated with
open RFA. For percutaneous or laparoscopic RFA the out-
comes appear to be far less favorable [30••].
The major problems with RFA are the high rates of intra-
hepatic and local disease recurrence. This is caused by either
the existence of intrahepatic micrometastases, or incomplete
tumor destruction by RFA, respectively [34]. Several studies
that were conducted to identify liver recurrence patterns after
RFA for CRLM showed intrahepatic recurrence rates (new
lesions) varying between 32% and 62.5% [30••, 35–38].
Reported local recurrence rates (at site of RFA) also vary
widely, resulting in recurrence rates of 1.6% up to 60% [24,
30••, 36, 39, 40]. It is important, however, to make a distinc-
tion between lesion-based and patient-based analyses, as the
later results in higher recurrence rates [41, 42].
The great variety in reported data is illustrated in Table 1,
revealing extensive heterogeneity in study populations, proce-
dures, and design. In addition, several studies have included
both CRLM and HCC, regardless of the entirely different
biological background and behavior of these entities. Needless
to say, comparisons of (disease free) survival and recurrence
rates should be viewed with great caution. Tumor size is
associatedwith local recurrence; the larger the tumor the higher
the probability of incomplete ablation and, hence, local recur-
rence. Although newer RFA probes have resulted in more
effective ablationwith larger ablation regions, nowadays tumor
size ≤3 cm is considered most favorable to achieve compete
tumor destruction [43, 44]. However, tumor size >3 cm is not
an absolute contraindication as effective ablation of larger
zones can be obtained by using multiple probes [45, 46].
Furthermore, RFA of lesions close to large vessels has
been questioned as the so called “heat sink phenomenon” by
the blood flow in the vessel passing the probe results in less
effective heat buildup, thereby preventing complete tumor
destruction. A retrospective study by Lu et al. actually
demonstrated that lesions in contiguity of vessels larger than
3 mm is a strong independent predictor of incomplete tumor
destruction as recurrence occurred more frequently in peri-
vascular lesions compared to non-perivascular lesions (48%
vs 7% respectively) [47]. Perivascular localization remained
an independent predictor during multivariable analysis, al-
though the study was underpowered to draw firm conclu-
sions. Moreover, the heat sink effect can be reduced by
intermittent clamping of the involved vessel [48, 49]. There-
fore, tumor localization near vessels should not be consid-
ered an absolute contraindication for RFA.
Another important factor determining local recurrence
following RFA is the type of procedure that is applied: open,
laparoscopic, or percutaneous. Plausibly, the latter involving
the fewest procedural risks and the open approach being the
most injurious one. So far, no randomized trials comparing
the open surgical approach with the percutaneous approach
have been conducted. Studies assessing the percutaneous
approach often included patients with solitary or limited
number of metastases, while studies assessing the open
surgical approach often included a higher number of (larger)
metastases per patient. The currently available evidence
regarding survival demonstrates superior outcomes follow-
ing the open approach compared to the laparoscopic and
percutaneous procedures [24, 30••, 50–52]. Also, local re-
currence rates are lower in the open surgical group com-
pared with the percutaneous group (6–16% [31, 32, 39, 50]
versus 17–59% [50, 53, 54], respectively). However, in the
absence of data demonstrating improved survival outcomes
when comparing similar groups of patients, the benefits of
improved local control observed with the open approach
must be weighed against the morbidity and cost associated
with it . In addition, from the perspective that chemotherapy
in combination with RFA debulking is reasonable, the risk
of leaving behind a small number of tumor cells with the
percutaneous approach may likely not be clinically detri-
mental in most cases in which this occurs. Moreover, if the
lesion location is such that a local recurrence can be sal-
vaged by subsequent resection, percutaneous RFA would
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seem reasonable provided that state-of-the-art CT guidance
is available.
A noteworthy benefit of RFA is the possibility to perform
repeated procedures. Several prospective cohort studies
have shown that repeat procedures in patients with early
(local or intrahepatic) recurrence after RFA results in similar
survival rates as patients treated with RFA without intra-
hepatic recurrences [41, 49, 55•]. No doubt that introduction
of percutaneous RFA application has widened the possibil-
ities for repeated RFA. Therefore, each patient showing
disease recurrence should be carefully evaluated for this
option [30••, 55•].
So far, RFA has only been proposed as a potentially
curative treatment option for selected patients with CRLM
without EHD [56••]. However, the group of Siperstein and
Berber published two prospective cohort studies (234 [54
with EHD] patients and 135 [40 with EHD] patients, re-
spectively) investigating the role of RFA in patients with
EHD [25, 53]. Siperstein et al. observed similar median OS
in patients with and without EHD at the time of RFA (20 vs
25 months, respectively, NS). Berber et al. performed a
multivariable analysis which showed no negative effect of
EHD on survival. Moreover, they argued that in 70% of the
deceased patients death was contributed to their intrahepatic
disease progression. Hence, it was proposed that debulking
of liver metastases by RFA in patients with EHD might be a
helpful strategy. However, we believe that the presence of
EHD in both studies did not result in a statistically signifi-
cant negative effect (maybe due to underpowered study
designs), and cannot be interpreted as results in favor to
perform RFA in patients with EHD. In contrast, two studies
by Gillams et al. and Machi et al. prospectively analyzed
309 and 100 patients with unresectable CRLM, respectively,
in order to assess the influence of concomitant EHD on
survival in patients with CRLM treated with RFA. Both
studies found a significant negative effect on survival com-
pared with patients without EHD (P<0.05), especially for
EHD other than lung metastases [57•, 58]. Based on the
available evidence RFA should not be advised in patients
with concomitant EHD.
Taken together, there is accumulating evidence that RFA
of CRLM can result in long-term survival in selected cases.
Optimal results may be achieved with an open surgical
approach or CT-guided percutaneous procedures, in patients
without EHD, in lesions <3 cm, while the procedure should
be performed by experienced physicians [56••].
RFA, Chemotherapy, or Combined Treatment
The debate is still ongoing on whether patients benefit most
from RFA, systemic treatment, or a combination of the two.
Reported OS following open RFA appears to be superior to
that of chemotherapy (median overall survival 30–31 vs 20–
23 months, respectively) [9, 32, 59•, 60]. However, several
issues need to be addressed. First, most studies on RFAwere
conducted in patients with unresectable metastases confined
to the liver, while all chemotherapy studies investigated
patients with systemic disease, often including extensive intra-
hepatic disease and EHD. Also, other baseline characteristics
such as tumor size and number differed between the RFA
studies and the systemic treatment studies. Furthermore, sev-
eral RFA studies combined data of patients with metastases
from different primary sites. Moreover, some of the RFA
studies included patients receiving RFA alone as well as
patients who received a combination of RFAwith either pre-
treatment or post-treatment chemotherapy, thus hampering
interpretation of the data due to induced heterogeneity.
In one of the rare comparative studies published hitherto,
Ruers et al. investigated RFAversus systemic therapy in 201
patients harboring CRLM without EHD initially scheduled
for surgery [32]. During laparotomy patients were allocated
to one of three treatment arms: resection if feasible, local
ablation therapy (sometimes combined with resection if
resection [alone] was not feasible), or systemic treatment if
neither of these procedures were possible. Baseline charac-
teristics between the local ablation and systemic therapy
groups were similar. Five-year OS was not significantly
different between both groups, with 27% of the patients still
alive in the local ablation group and 15% in the chemother-
apy group. Median OS and DFS were 31 and 9 versus 26
and 0 months, respectively. If this is truly a significant
difference in median overall survival, the difference is quite
small and it would require substantially larger patient
cohorts to confirm significance. Furthermore, the observed
median OS of 26 months in the chemotherapy group is
rather high when compared with other chemotherapy trials,
which might be explained by the predominant inclusion of
patients with CRLM confined to the liver. Abdalla et al.
observed a significant (7 months) survival benefit for RFA
compared to systemic therapy in CRLM patients [31]. This
finding was based on data from consecutive series of 418
selected patients identified in their prospectively assembled
database. Although the survival curves were converging at
almost 55 months of follow up, 3-year survival rates were
almost twice as high for patients receiving RFA compared to
patients receiving chemotherapy. Thus, with RFA, the ma-
jority of people live longer compared to patients receiving
chemotherapy, but eventually the survival curves of both
groups will approach zero. However, important to mention
is that the allocation to the different treatment groups was
not random. Rather, it was determined by the extent of
tumor burden determined intraoperatively, meaning the che-
motherapy patients most likely had a higher tumor load.
Nonetheless, as the major problem regarding RFA involves
the high rate of disease recurrence, it seems reasonable to seek
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for a combination treatment of RFA with systemic therapy.
Further ground for such combination comes from preclinical
studies where micrometastases surrounding the ablated region
were recently shown to be triggered toward a more aggressive
growth pattern following RFA so that combination with sys-
temic therapy and/or hypoxia-activated prodrugs appears jus-
tified [61, 62]. Such combination strategies could be
envisioned in two ways: 1) debulking tumor mass by RFA
to reduce the tumor load needed to treat with systemic therapy,
or 2) downstaging with systemic therapy followed by RFA of
the remaining lesions. Literature regarding this topic is sur-
prisingly scarce. Knudsen et al. evaluated the long-term sur-
vival of 36 patients treated with RFA for initially unresectable
CRLM down-staged by systemic chemotherapy [63]. Patients
with EHD were excluded from this study. They observed a
median OS of 39 months with a 5-year survival rate of 34%.
One should note that this study selected patients based on their
responsiveness to systemic therapy, thereby introducing sig-
nificant bias. Nonetheless, the reported 5-year disease-free
survival of 14% is substantial.
Siperstein et al. conducted a prospective cohort study, in
which 234 consecutive patients undergoing 292 RFA pro-
cedures for unresectable CRLM were evaluated [25]. The
majority of these patients received systemic therapy prior to
RFA and of those patients, 80% were poor or non-
responders. In these patients median OS following RFA
was 24 months, or 32 months from time of diagnoses as
proposed by the authors. This is in sharp contrast to the
12 months from time of diagnosis for patients who are
unresponsive to systemic therapy and not subsequently
treated by RFA [53]. As the authors based this control group
on data from 1999, it may be more justified to compare their
data with the more recent chemotherapy studies mentioned
earlier, which described an OS of up to 22.6 months [9, 64,
65]. Even though randomized data are non-existent, this
would still represent a major improvement, with a 10-
month benefit for patients receiving RFA following che-
motherapy. Based on this study it would appear that
RFA might have a role in controlling local disease for
patients with unresectable CRLM who proved unrespon-
sive to chemotherapy.
Regarding the question whether there is a role for tumor
debulking by RFA followed by systemic treatment, data are
limited. In 2007, Frezza et al. published a pilot study on 11
patients who underwent “debulking” by RFA of liver me-
tastases of different origin prior to chemotherapy. With a
mean follow-up of 22 months, none of these patients died
from their disease while only two developed tumor recur-
rence [66]. In the aforementioned study by Siperstein et al.,
a significantly better OS of 28 months was observed in
patients receiving chemotherapy following RFA, compared
to 19 months for RFA alone [25]. However, as this was a
purely observational finding and not the primary focus of
the study, the authors were justifiably cautious to draw any
conclusions. They argued that the observed effect might
have been caused by selection bias by reserving “adjuvant”
chemotherapy for patients responsive to RFA. Due to the
limited number of patients and retrospective nature of the
study, it is impossible to draw any firm conclusions from
these studies.
The only prospective randomized trial assessing this top-
ic is the CLOCC trial [67••]. In this randomized phase II
trial 119 patients with <10 unresectable liver metastases
without EHD were randomly assigned to either systemic
treatment, or the combination of RFA followed by systemic
treatment. In the chemotherapy-alone group 30 months OS
was 57.6% compared to 61.7% in the combination group.
However, this difference did not reach statistical signifi-
cance, which may in part be explained by the much higher
than expected observed survival data for patients treated
with chemotherapy alone. Median PFS, however, was sig-
nificantly different between both study arms. Median PFS in
the combined treatment group was 16.8 months compared to
9.9 months in the chemotherapy-alone arm. As the random-
ized phase II design of the study was underpowered to
detect differences in OS, the authors concluded that RFA
plus systemic treatment results in significant benefit in PFS
without significant benefit in OS at 30 months, and that
longer follow-up should be awaited. Meanwhile, one cannot
ignore a 30 months OS of 61.7% as an excellent result
which, so far, has not been demonstrated in other studies.
Taken together, the best available evidence points toward a
benefit for the combination strategy using RFA and chemo-
therapy, although convincing proof is still lacking.
In an attempt to delineate whether the timing of chemo-
therapy treatment (pre-RFA or post-RFA) affects patient out-
come, Sgouros et al. recently reported a prospective study
comparing the use of RFA before or after chemotherapy in
patients with unresectable CRLM [68]. Patients received ei-
ther FOLFIRI before RFA, or FOLFOX or FOLFIRI post-
RFA. Unfortunately, the total of included patients was low
(n031).Moreover, patients were not randomized but allocated
to one of the treatment schemes on the basis of tumor size,
with patients harboring larger tumors starting with chemother-
apy. In addition, 50% of the patients starting with chemother-
apy did not receive RFA due to disease progression. Although
PFS and OS did not differ significantly between the groups
(13 and 21 months vs 10 and 21 for the pre-RFA and post-
RFA groups, respectively), the study limitations render any
firm conclusions problematic.
Apart from survival rates, a comparison can be made
between RFA and systemic therapy regarding toxicity profiles
and quality of life. Ruers et al. showed that patients receiving
chemotherapy following laparotomy demonstrated a signifi-
cantly lower quality of life compared to RFA following lapa-
rotomy [32]. Moreover, as disease-free periods can be
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achieved with RFA, patients may be provided time without
toxicity. This is in sharp contrast to patients undergoing repet-
itive sessions of systemic therapy.
Conclusions
The level of evidence emanating from the existing literature
hampers any firm conclusions. Nonetheless, it would appear
that RFA may prove superior to chemo alone in patients
with liver-only disease amenable for this modality. Also, the
combination of RFA and chemo has been demonstrated to
be feasible and safe, lending support to the concept of RFA,
whenever possible followed by chemotherapy.
Acknowledgment Drs. Govaert and van Kessel contributed equally
to this study.
Disclosure No potential conflicts of interest relevant to this article
were reported.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution License which permits any use, distribution,
and reproduction in any medium, provided the original author(s) and
the source are credited.
References
Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance
1. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA
Cancer J Clin. 2010;60:277–300.
2. Manfredi S, Lepage C, Hatem C, et al. Epidemiology and man-
agement of liver metastases from colorectal cancer. Ann Surg.
2006;244:254–9.
3. Kohne CH, Van Cutsem E, Wils J, et al. Phase III study of weekly
high-dose infusional fluorouracil plus folinic acid with or without
irinotecan in patients with metastatic colorectal cancer: European
Organisation for Research and Treatment of Cancer Gastrointesti-
nal Group Study 40986. J Clin Oncol. 2005;23:4856–65.
4. Hecht JR, Mitchell E, Chidiac T, et al. A randomized phase IIIB
trial of chemotherapy, bevacizumab, and panitumumab compared
with chemotherapy and bevacizumab alone for metastatic colorec-
tal cancer. J Clin Oncol. 2009;27:672–80.
5. Jonker DJ, O’Callaghan CJ, Karapetis CS, et al. Cetuximab for the
treatment of colorectal cancer. N Engl J Med. 2007;357:2040–8.
6. Van Cutsem E, Peeters M, Siena S, et al. Open-label phase III trial
of panitumumab plus best supportive care compared with best
supportive care alone in patients with chemotherapy-refractory
metastatic colorectal cancer. J Clin Oncol. 2007;25:1658–64.
7. Wang J, Zhao Z, Barber B, et al. A Q-TWiST analysis comparing
panitumumab plus best supportive care (BSC) with BSC alone in
patients with wild-type KRAS metastatic colorectal cancer. Br J
Cancer. 2011;104:1848–53.
8. Scheithauer W, Rosen H, Kornek GV, et al. Randomised compar-
ison of combination chemotherapy plus supportive care with sup-
portive care alone in patients with metastatic colorectal cancer.
BMJ. 1993;306:752–5.
9. Falcone A, Ricci S, Brunetti I, et al. Phase III trial of infusional
fluorouracil, leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) com-
pared with infusional fluorouracil, leucovorin, and irinotecan (FOL-
FIRI) as first-line treatment for metastatic colorectal cancer: the
Gruppo Oncologico Nord Ovest. J Clin Oncol. 2007;25:1670–6.
10. Saltz LB, Clarke S, az-Rubio E, et al. Bevacizumab in combination
with oxaliplatin-based chemotherapy as first-line therapy in meta-
static colorectal cancer: a randomized phase III study. J Clin Oncol.
2008;26:2013–9.
11. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus
irinotecan, fluorouracil, and leucovorin for metastatic colorectal
cancer. N Engl J Med. 2004;350:2335–42.
12. Goldberg RM, Sargent DJ, Morton RF, et al. A randomized con-
trolled trial of fluorouracil plus leucovorin, irinotecan, and oxali-
platin combinations in patients with previously untreated
metastatic colorectal cancer. J Clin Oncol. 2004;22:23–30.
13. Cassidy J, Clarke S, az-Rubio E, et al. Randomized phase III study
of capecitabine plus oxaliplatin compared with fluorouracil/folinic
acid plus oxaliplatin as first-line therapy for metastatic colorectal
cancer. J Clin Oncol. 2008;26:2006–12.
14. Tournigand C, Andre T, Achille E, et al. FOLFIRI followed by
FOLFOX6 or the reverse sequence in advanced colorectal cancer:
a randomized GERCOR study. J Clin Oncol. 2004;22:229–37.
15. Van Cutsem E, Kohne CH, Hitre E, et al. Cetuximab and chemo-
therapy as initial treatment for metastatic colorectal cancer. N Engl
J Med. 2009;360:1408–17.
16. de Haas RJ, Wicherts DA, Salloum C, et al. Long-term outcomes
after hepatic resection for colorectal metastases in young patients.
Cancer. 2010;116:647–58.
17. • de Haas RJ, Wicherts DA, Andreani P, et al. Impact of expanding
criteria for resectability of colorectal metastases on short- and
long-term outcomes after hepatic resection. Ann Surg.
2011;253:1069–79. This is one of the largest series on surgical
treatment of CRLM, demonstrating that despite the expansion of
resectability criteria during the last decade, long-term survival can
be achieved in a significant number of patients.
18. Kattan MW, Gonen M, Jarnagin WR, et al. A nomogram for
predicting disease-specific survival after hepatic resection for
metastatic colorectal cancer. Ann Surg. 2008;247:282–7.
19. Adam R, Delvart V, Pascal G, et al. Rescue surgery for unresect-
able colorectal liver metastases downstaged by chemotherapy: a
model to predict long-term survival. Ann Surg. 2004;240:644–57.
20. Leonard GD, Brenner B, Kemeny NE. Neoadjuvant chemotherapy
before liver resection for patients with unresectable liver metasta-
ses from colorectal carcinoma. J Clin Oncol. 2005;23:2038–48.
21. Masi G, Cupini S, Marcucci L, et al. Treatment with 5-fluorouracil/
folinic acid, oxaliplatin, and irinotecan enables surgical resection
of metastases in patients with initially unresectable metastatic
colorectal cancer. Ann Surg Oncol. 2006;13:58–65.
22. Adam R. The importance of visceral metastasectomy in colorectal
cancer. Ann Oncol. 2000;11 Suppl 3:29–36.
23. Adam R, Vinet E. Regional treatment of metastasis: surgery of
colorectal liver metastases. Ann Oncol. 2004;15 Suppl 4:iv103–6.
24. Mulier S, Ni Y, Jamart J, et al. Local recurrence after hepatic
radiofrequency coagulation: multivariate meta-analysis and review
of contributing factors. Ann Surg. 2005;242:158–71.
25. Siperstein AE, Berber E, Ballem N, Parikh RT. Survival after
radiofrequency ablation of colorectal liver metastases: 10-year
experience. Ann Surg. 2007;246:559–65.
26. Rossi S, Di SM, Buscarini E, et al. Percutaneous radiofrequency
interstitial thermal ablation in the treatment of small hepatocellular
carcinoma. Cancer J Sci Am. 1995;1:73–81.
Curr Colorectal Cancer Rep (2012) 8:130–137 135
27. Rossi S, Di SM, Buscarini E, et al. Percutaneous RF interstitial
thermal ablation in the treatment of hepatic cancer. AJR Am J
Roentgenol. 1996;167:759–68.
28. Solbiati L, Goldberg SN, Ierace T, et al. Hepatic metastases:
percutaneous radio-frequency ablation with cooled-tip electrodes.
Radiology. 1997;205:367–73.
29. Solbiati L, Ierace T, Goldberg SN, et al. Percutaneous US-guided
radio-frequency tissue ablation of liver metastases: treatment and
follow-up in 16 patients. Radiology. 1997;202:195–203.
30. •• Wong SL, Mangu PB, Choti MA, et al. American Society of
Clinical Oncology 2009 clinical evidence review on radiofre-
quency ablation of hepatic metastases from colorectal cancer. J
Clin Oncol. 2010;28:493–508. This is the largest systematic review
published on RFA, including data from 2010. In contrary to many
other studies, the data in this review involve CRLM only. This
paper also shows the main limitation of the currently available
data: study heterogeneity..
31. Abdalla EK, Vauthey JN, Ellis LM, et al. Recurrence and out-
comes following hepatic resection, radiofrequency ablation, and
combined resection/ablation for colorectal liver metastases. Ann
Surg. 2004;239:818–25.
32. Ruers TJ, Joosten JJ, Wiering B, et al. Comparison between local
ablative therapy and chemotherapy for non-resectable colorectal liver
metastases: a prospective study. Ann Surg Oncol. 2007;14:1161–9.
33. Van Tilborg AA,MeijerinkMR, Sietses C, et al. Long-term results of
radiofrequency ablation for unresectable colorectal liver metastases: a
potentially curative intervention. Br J Radiol. 2011;84:556–65.
34. Yokoyama N, Shirai Y, Ajioka Y, et al. Immunohistochemically
detected hepatic micrometastases predict a high risk of intrahepatic
recurrence after resection of colorectal carcinoma liver metastases.
Cancer. 2002;94:1642–7.
35. Hur H, Ko YT, Min BS, et al. Comparative study of resection and
radiofrequency ablation in the treatment of solitary colorectal liver
metastases. Am J Surg. 2009;197:728–36.
36. Leblanc F, Fonck M, Brunet R, et al. Comparison of hepatic
recurrences after resection or intraoperative radiofrequency abla-
tion indicated by size and topographical characteristics of the
metastases. Eur J Surg Oncol. 2008;34:185–90.
37. Pathak S, Jones R, Tang JM, et al. Ablative therapies for colorectal
liver metastases: a systematic review. Colorectal Dis. 2011;13:
e252–65.
38. Gleisner AL, Choti MA, Assumpcao L, et al. Colorectal liver
metastases: recurrence and survival following hepatic resection,
radiofrequency ablation, and combined resection-radiofrequency
ablation. Arch Surg. 2008;143:1204–12.
39. Joosten J, Jager G, Oyen W, et al. Cryosurgery and radiofrequency
ablation for unresectable colorectal liver metastases. Eur J Surg
Oncol. 2005;31:1152–9.
40. Abitabile P, Hartl U, Lange J, Maurer CA. Radiofrequency abla-
tion permits an effective treatment for colorectal liver metastasis.
Eur J Surg Oncol. 2007;33:67–71.
41. Otto G, Duber C, Hoppe-Lotichius M, et al. Radiofrequency
ablation as first-line treatment in patients with early colorectal liver
metastases amenable to surgery. Ann Surg. 2010;251:796–803.
42. de Baere T, Elias D, Dromain C, et al. Radiofrequency ablation of
100 hepatic metastases with a mean follow-up of more than 1 year.
AJR Am J Roentgenol. 2000;175:1619–25.
43. Ayav A, Germain A, Marchal F, et al. Radiofrequency ablation of
unresectable liver tumors: factors associated with incomplete ab-
lation or local recurrence. Am J Surg. 2010;200:435–9.
44. Amersi FF, Elrath-Garza A, Ahmad A, et al. Long-term survival
after radiofrequency ablation of complex unresectable liver
tumors. Arch Surg. 2006;141:581–7.
45. Veenendaal LM, Borel Rinkes I, van Hillegersberg R. Multipolar
radiofrequency ablation of large hepatic metastases of endocrine
tumours. Eur J Gastroenterol Hepatol. 2006;18:89–92.
46. Snoeren N, van Hillegersberg R. Radiofrequency ablation for
liver tumors: going multipolar? Expert Rev Med Devices.
2011;8:1–2.
47. Lu DS, Raman SS, Limanond P, et al. Influence of large peritu-
moral vessels on outcome of radiofrequency ablation of liver
tumors. J Vasc Interv Radiol. 2003;14:1267–74.
48. Patterson EJ, Scudamore CH, Owen DA, et al. Radiofrequency
ablation of porcine liver in vivo: effects of blood flow and treat-
ment time on lesion size. Ann Surg. 1998;227:559–65.
49. van Duijnhoven FH, Jansen MC, Junggeburt JM, et al. Factors
influencing the local failure rate of radiofrequency ablation of
colorectal liver metastases. Ann Surg Oncol. 2006;13:651–8.
50. Eisele RM, Neumann U, Neuhaus P, Schumacher G. Open surgical
is superior to percutaneous access for radiofrequency ablation of
hepatic metastases. World J Surg. 2009;33:804–11.
51. Kuvshinoff BW, Ota DM. Radiofrequency ablation of liver
tumors: influence of technique and tumor size. Surgery.
2002;132:605–11.
52. Hildebrand P, Kleemann M, Roblick UJ, et al. Radiofrequency-
ablation of unresectable primary and secondary liver tumors:
results in 88 patients. Langenbecks Arch Surg. 2006;391:118–23.
53. Berber E, Pelley R, Siperstein AE. Predictors of survival after
radiofrequency thermal ablation of colorectal cancer metastases
to the liver: a prospective study. J Clin Oncol. 2005;23:1358–64.
54. Suppiah A, White TJ, Roy-Choudhury SH, et al. Long-term results
of percutaneous radiofrequency ablation of unresectable colorectal
hepatic metastases: final outcomes. Dig Surg. 2007;24:358–60.
55. • Berber E, Siperstein A. Local recurrence after laparoscopic radio-
frequency ablation of liver tumors: an analysis of 1032 tumors.
Ann Surg Oncol. 2008;15:2757–64. This study reports on lapa-
roscopically treated patients only, giving long-term follow-up
data..
56. •• Mulier S, Ruers T, Jamart J, et al. Radiofrequency ablation
versus resection for resectable colorectal liver metastases: time
for a randomized trial? An update. Dig Surg. 2008;25:445–60.
This paper gives an excellent overview of the available literature
on local recurrence and survival following RFA, with a distinction
between the open, laparoscopic, and percutaneous approach..
57. • Gillams AR, Lees WR. Five-year survival in 309 patients with
colorectal liver metastases treated with radiofrequency ablation.
Eur Radiol. 2009;19:1206–13. This study reports on a large cohort
of patients who were treated with percutaneous RFA, and provides
long-term follow-up data..
58. Machi J, Oishi AJ, Sumida K, et al. Long-term outcome of radio-
frequency ablation for unresectable liver metastases from colorec-
tal cancer: evaluation of prognostic factors and effectiveness in
first- and second-line management. Cancer J. 2006;12:318–26.
59. • Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab,
and cetuximab in metastatic colorectal cancer. N Engl J Med.
2009;360:563–72. This randomized phase III trial demonstrates
that a median overall survival up to 2 years can be achieved in
patients with metastatic colorectal cancer..
60. Martin RC, McGuffin SA, Roetzer LM, et al. Method of presenting
oncology treatment outcomes influences patient treatment
decision-making in metastatic colorectal cancer. Ann Surg Oncol.
2006;13:86–95.
61. Nijkamp MW, van der Bilt JD, de Bruijn MT, et al. Accelerated
perinecrotic outgrowth of colorectal liver metastases following
radiofrequency ablation is a hypoxia-driven phenomenon. Ann
Surg. 2009;249:814–23.
62. Govaert KM, Nijkamp MW, Emmink BL, et al. The hypoxia-
activated prodrug tirapazamine suppresses experimental colorectal
liver metastases following radiofrequency ablation. Br J Surg. 2012
63. Knudsen AR, Kannerup AS, Mortensen FV, Nielsen DT. Radio-
frequency ablation of colorectal liver metastases downstaged by
chemotherapy. Acta Radiol. 2009;50:716–21.
136 Curr Colorectal Cancer Rep (2012) 8:130–137
64. Porschen R, Arkenau HT, Kubicka S, et al. Phase III study of
capecitabine plus oxaliplatin compared with fluorouracil and leuco-
vorin plus oxaliplatin in metastatic colorectal cancer: a final report of
the AIO Colorectal Study Group. J Clin Oncol. 2007;25:4217–23.
65. Diaz-Rubio E, Tabernero J, Gomez-Espana A, et al. Phase III study
of capecitabine plus oxaliplatin compared with continuous-
infusion fluorouracil plus oxaliplatin as first-line therapy in meta-
static colorectal cancer: final report of the Spanish Cooperative
Group for the Treatment of Digestive Tumors Trial. J Clin Oncol.
2007;25:4224–30.
66. Frezza EE, Wachtel MS, Barragan B, et al. The role of radio-
frequency ablation in multiple liver metastases to debulk the tu-
mor: a pilot study before alternative therapies. J Laparoendosc Adv
Surg Tech A. 2007;17:282–4.
67. •• Ruers TJ, Punt CJ, Coevorden F, et al. Final results of the
EORTC intergroup randomized study 40004 (CLOCC) evaluating
the benefit of radiofrequency ablation (RFA) combined with che-
motherapy for unresectable colorectal liver metastases (CRC LM).
ASCO 2010 abstract no. 3526. This is the only randomized trial on
RFA so far, and their survival results following combination treat-
ment with RFA and systemic treatment are superior to other
survival data reported so far.
68. Sgouros J, Cast J, Garadi KK, et al. Chemotherapy plus percuta-
neous radiofrequency ablation in patients with inoperable colorec-
tal liver metastases. World J Gastrointest Oncol. 2011;3:60–6.
69. Veltri A, Sacchetto P, Tosetti I, et al. Radiofrequency ablation of colo-
rectal liver metastases: small size favorably predicts technique effective-
ness and survival. Cardiovasc Intervent Radiol. 2008;31:948–56.
70. Sorensen SM, Mortensen FV, Nielsen DT. Radiofrequency abla-
tion of colorectal liver metastases: long-term survival. Acta Radiol.
2007;48:253–8.
71. Jakobs TF, Hoffmann RT, Trumm C, et al. Radiofrequency abla-
tion of colorectal liver metastases: mid-term results in 68 patients.
Anticancer Res. 2006;26:671–80.
72. Solbiati L, Ierace T, Tonolini M, et al. Radiofrequency thermal
ablation of hepatic metastases. Eur J Ultrasound. 2001;13:149–58.
Curr Colorectal Cancer Rep (2012) 8:130–137 137
